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Mr. James Leenhouts

Director, USGS Arizona Water Science Center
520 N. Park Ave.

Tucson, AZ 85719

Dear Mr. Leenhouts:

On March 17, 2015, the U.S. Geological Survey (USGS) provided the Coronado National Forest
(CNF) with suggestions regarding potential further steps that could be taken with the
groundwater models used for the Rosemont Copper Project. The purpose of this letter is two-
fold: First, I would like to express my appreciation for your technical assistance on the
Rosemont project; and second, to provide the USGS with a response to your letter and
summarize the Forest Service’s (FS) internal review of the suggestions provided by the USGS.

In May 2014, the CNF Forest Supervisor indicated the intention of the FS was to reinitiate
consultation with the U.S. Fish and Wildlife Service (USFWS) under Section 7 of the
Endangered Species Act. As part of the reinitiation process, the Forest Supervisor requested that
discussions be undertaken with the Bureau of Land Management (BLM), USFWS, USGS, and
other cooperators to ensure that all pertinent information had been obtained regarding baseline
conditions. In particular, the CNF was seeking information on Las Cienegas National
Conservation Area and other aquatic resources, with a specific emphasis on Empire Gulch and
Cienega Creck.

As part of the discussions with other federal agencies during the Section 7 process, the USGS
was asked to provide opinions on a variety of technical issues, including aspects of the
groundwater models used by the FS for predicting impacts from the proposed Rosemont Copper
Project. The most recent input from the USGS was summarized in the March 17, 2015, letter',
which was prepared at the request of the CNF following a meeting on March 9, 2015, between
the USFWS, USGS, and the CNF.

In the March 17, 20135, letter to the CNF, the USGS outlines three specific suggestions for
additional tasks that could be conducted in order to better understand the uncertainty associated
with the modeled impacts of groundwater drawdown on distant riparian areas such as Empire
Gulch and Cienega Creck. The CNF Forest Supervisor requested that FS hydrology specialists
within the Centralized National Operations (CNO) Minerals and Geology program review the
USGS suggestions. The CNO findings were provided to the CNF in a memo dated March 31,
2015%, which is included as Attachment A to this letter.

"March 17, 2015. “Opportunities to understand the inherent uncertainty of potential changes to riparian areas in
response to the Rosemont Copper Project”
 March 31, 2015. “Evaluation of Additional Groundwater Modelling Tasks Suggested by USGS for the Rosemont

Mine Project”
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The following is a summary of the three proposed suggestions by the USGS and the FS findings
as stated in the March 31™ CNO response letter:

(1) Increase the range of storage parameters used in the sensitivity analysis. The USGS
indicated in their suggestions that: “To improve the models’ ability to explain system
uncertainty, specific yield could be varied by an order of magnitude and specific stora ge
by three orders of magnitude.” The FS reviewed the body of information related to
storage parameters and concluded that: “There does not appear to be any significant
gains in our knowledge of the effects on riparian areas from further varying storage
parameters in the Rosemont models.”

(2) Employ a Monte Carlo approach to improve prediction uncertainty. The USGS
indicated in their suggestions that “A Monte Carlo approach applied to the Rosemont
project groundwater models, varying key variables of hydraulic conductivity and storage
parameters (specific yield and specific storage) with constant head and no-flow boundary
conditions, would improve the models” ability to characterize system uncertainty.” The
FS researched the applicability of using the Monte Carlo approach and concluded that:
“The bottom line is that the method used in the Rosemont modeling Sensitivity Analysis,
is a rigorous and acceptable technique for evaluating uncertainty. There does not appear
to be anything gained by performing further uncertainty analyses, including the Monte
Carlo method. A Monte Carlo analysis is not a trivial task and the results probably would
not change the overall conclusions that have already been established.”

(3) Use a water-budget approach to evaluate effects to riparian areas. The USGS indicated
in their suggestions that: “To better understand the project effects on the discharge of
water to springs and streams, a water-budget approach, in addition to the current
drawdown analysis, could be employed. Some springs and streams that have been
identified as important for ecosystems are not explicitly simulated in the models. The
potential change in discharge can be examined by adding appropriate boundaries that
represent these features in the models.” The Forest Service considered this approach and
ultimate concluded: “While the use of water budgets may have some value, it probably
would not change the overall conclusions that have already been established or,
significantly decrease the uncertainties inherent in this modeling effort.”

In summary, the FS acknowledges and appreciates the input and concerns put forward by
specialists from all of the federal agencies involved over the last year in re-examining the
potential for the Rosemont Copper Project to affect aquatic resources. There are many ways
groundwater models could be constructed, and the groundwater models used for the Rosemont
Copper Project reflect one set of assumptions among many that could have been chosen. As
described in the Supplemental Information Report, at this time the FS believes that the
groundwater models have been fully examined and are being used with the appropriate caution,
and further that the additional strategies adopted to balance the acknowledged uncertainties allow
for a robust examination and disclosure of the potential impacts of the project.
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If you have any questions, please contact the Rosemont Project Manager, Ms. Mindy Sue Vogel,
at 520-388-8327 or msvogel@fs.fed.us.

Sincerely,
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- JAMIE'KINGSBURY
Acting Forest Supervisor

Attachments:
A —FS CNO memo (March 31)

ec: Jean Calhoun, USFWS
Tim Shannon, BLM
Marjorie Blaine, USACE
Kathleen Johnson, EPA
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Attachment A

March 31, 2015

MEMORANDUM

TO: Jim Upchurch, Supervisor, Coronado National Forest

FROM: Joe Gurrieri and Roger Congdon, USFS Groundwater Program, WO

SUBIJECT: Evaluation of Additional Groundwater Modelling Tasks Suggested by USGS for the

Rosemont Mine Project

The WO Groundwater Team was asked to assist the Coronado NF in evaluating the efficacy of
performing additional groundwater modeling tasks for the Rosemont Mine project as suggested by the
USGS, Arizona Water Science Center. The USFS requested that the USGS review the documentation as
part of Task 4: USGS Review of Boundary Condition Test Documentation, completing the following
items:

(1) Evaluate if the tests were conducted in the manner suggested by the USGS;

(2) Evaluate if the results of these tests help reduce the uncertainty associated with the groundwater
models by better describing the effects that boundary conditions have on model results.

On March 9, 2015, the USGS presented their results from Task 4 during a meeting with the Coronado
National Forest, U.S. Fish and Wildlife Service, and SWCA Consultants. The USGS identified three topical
areas that would substantively improve the groundwater models’ capacity to simulate inherent
uncertainty in the groundwater system:

1. Increase range of storage parameter values in uncertainty analyses

2. Employ Monte Carlo approach to improve prediction uncertainty
3. Use water-budget approach to evaluate effects to riparian areas

Our evaluation of these additional modeling tasks is presented below.
1. Storage Values

In regard to increasing the range of storage values used in the models, the USGS suggested that specific
yield could be varied by an order of magnitude and specific storage by three orders of magnitude.

The model files supplied to USFS by Montgomery and Associates (M&A) include sensitivity runs which
vary the storativity two orders of magnitude, from 10°® to 10°. Kruseman and de Ridder (1994), page 23,
state that storativity in confined aquifers ranges from 5 x 10° to 5 x 10 °>. Freeze and Cherry (1979) also
give a range of 5 x 10° to 5 x 10° for storativity in confined aquifers (page 60). The presumption of these
figures is that the aquifer behaves as porous media. Rutqvist and others (1998) reported storativities
ranging from 9.1 x 10 ° to 3.3 x 10" in fractured granite aquifers of low transmissivity. It is not necessary
to investigate lower storativities than the range used in the M&A model. Higher storativities are not
justified as they would only serve to minimize the aerial extent of the cone of depression. In addition to
the storage variation in the M&A and Tetra Tech models, the model designed by Dr. Tom Myers (2008)
was included in the EIS. His storativities were on the order of 10° and with an impermeable western
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boundary, his cone of depression from mining was significantly smaller than either the M&A or the Tetra
Tech models. As he states in his report, “If the storage coefficients of the aquifer were significantly less
than modeled herein because aquifers are significantly less fractured and yield significantly less water
than assumed, the effects of this project could be spread over a larger area more quickly.” This is clearly
demonstrated by the M&A and Tetra Tech models, which have significantly lower storativities; by one to
three orders of magnitude.

The Specific yield values were not varied much, but are low for all scenarios, ranging from 0.1 to 0.01 in
alluvium and Tertiary sediments, and 0.01 for most bedrock. Specific yield for Quaternary and Tertiary
basin fill sediments was doubled and halved for sensitivity analysis. These are essentially the water table
aquifers and are less sensitive to drawdown from a given amount of water withdrawal. There would be
little gain from varying specific yield further. While storativity can vary by orders of magnitude, specific
yield cannot.

There does not appear to be any significant gains in our knowledge of the effects on riparian areas from
further varying storage parameters in the Rosemont models.

2. Monte Carlo Approach

In regard to employing the Monte Carlo approach to improve prediction uncertainty the USGS suggested
that because the range of possible effects on surface features is uncertain, because of limited knowledge
of the hydrologic system, a Monte Carlo analysis of model parameters could be used to generate a range
of potential predictions that effectively identifies uncertainty in the groundwater system.

There are many approaches to evaluate prediction uncertainties. Refsgaard and others (2007) describe
the Monte Carlo statistical method as one of fourteen potential methods. They give the advantages and
disadvantages of each methodology. For the Monte Carlo method they state that “The advantage of
Monte Carlo analysis is its general applicability . . .,” but also that “The key limitation is the large run
times for computationally intensive models and the huge amount of outputs that are not always
straightforward to analyze.” Refsgaard and others (2007) also describe the method of Sensitivity
Analysis (SA), for which they state that “The strength of SA is that it provides insight in the potential
influence of all sorts of changes in input and helps discrimination across parameters according to their
importance for the accuracy of the outcome. A limitation is the tendency of SA to yield an overload of
information. Furthermore, SA most often takes the model structure and system boundaries for
granted.” They also include a table (Table 4, page 1553) that ranks the various methods of uncertainty
analysis by their diagnostic abilities, and Monte Carlo and Sensitivity Analysis both rank in the same
category of comprehensive analyses; i.e., they are treated as roughly equivalent.

The bottom line is that the method used in the Rosemont modeling; Sensitivity Analysis, is a rigorous
and acceptable technique for evaluating uncertainty. There does not appear to be anything gained by
performing further uncertainty analyses, including the Monte Carlo method. A Monte Carlo analysis is
not a trivial task and the results probably would not change the overall conclusions that have already
been established.
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3. Water-Budget Approach

In regard to using a water-budget approach to evaluate effects to riparian areas USGS suggested that by
examining water-budgets along with the current drawdown analysis and adding appropriate boundaries,
the potential change in discharge to springs and streams can be represented.

Riparian areas are affected directly by changes in the position of the water table (Shafroth and others,
2000). They state that “The need for high water tables (often <1.5 m from the ground surface) for
successful seedling establishment of woody riparian plants has been observed at numerous sites . . .”
Groundwater fluxes are generally important, as indicated by the USGS, but for the purposes of
evaluating effects to riparian vegetation, it is the vertical position of the water table and changes to it
that are important with respect to root depth. Stromberg and others (1996) state clearly that water
table declines in Arizona threaten riparian ecosystems. Although it would be difficult to use the model to
make predictions of percentage effects to riparian environment, drawdown contours in the vicinity of
riparian indicate that impacts are possible or likely. That may be as accurate as we can get. Adding
groundwater flux information would not improve the prediction of impacts.

Other mining related modeling efforts have used stream depletion values to assess the effects of
drawdown to streams, but have retreated from the quantitative use of results of this method due to the
inherent uncertainties in the absolute values reported by the models. Recently the Rock Creek Mine in
MT used this method however the conclusions by the modelers (Hydrometrics, Inc. 2014), third party
experts (AquaResource 2014), and the SEIS writers was that the model output quantifying depletions
from the tributary drainages could not be verified; therefore the data should not be used to quantify
changes in base flow at specific locations. In addition, using the output data for quantifying stream
depletion was deemed to be beyond the capabilities of the model. As a result the Rock Creek SEIS
preparers used the modeled results to conduct a qualitative analysis at the sub-basin level of potential
changes in water quantity from the proposed mine development. This qualitative analysis will then be
used to help describe the potential impacts to aquatic resources. This approach is recommended by the
modelers and supported by expert reviewers.

While the use of water budgets may have some value, it probably would not change the overall
conclusions that have already been established or, significantly decrease the uncertainties inherent in
this modeling effort.
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